Remediation of wastewater, sludge and removal of objectionable substances from our environment using radiation technology is neglected. Hardly, a couple of decades ago, application of electron beam (EB) technology has gained attention for waste management. When wastewater is irradiated with electron beam, the beam can alter the physico-chemical properties of irradiated aqueous material and also transform wastewater chemicals due to the excitation or ionization of chemical molecules. Thus, chemical reactions may be capable of producing new compounds. The beam of electrons initiates primary reactions to induce the excitation or ionization of molecules at varied rates. This review paper will help to a budding researcher how to optimize the irradiation process to achieve high efficiency with low electron beam energy which is economically viable/ feasible. Application of E-beam radiation for wastewater treatment may ensure future smart cities with sustainable water resources management.
Introduction
The problems associated with wastewater disposal have become an inevitable problem to the urban world due to the increase in human population and urbanization. The commonality of wastewater-related problems throughout coastal areas of the world is significant since these areas are inhabited by over 60% of the human population (Maruthi et al. 2012a, b; Satyanarayana et al. 2010) . Consequently, domestic wastewater discharge is considered as significant threat to the coastal environments worldwide (Global Programme of Action 2001). Environmental effects associated with wastewater discharges are generally local with trans-boundary implications in some areas (Maruthi et al. 2012c, d, e) . The adverse public health, environmental, socio-economic, food quality and security and esthetic impacts from wastewater contamination in coastal areas are well documented (Abbas et al. 2017; Danulat et al. 2002; WHO 2003) . Contamination of the coastal water may result in changes in nutrient levels, abundance, biomass and diversity of organisms, bioaccumulation of organic and inorganic compounds and alteration of tropic interaction among species Singh et al. 2016; . Receiving water with high flushing capacity is able to dilute or eliminate most of the conventional pollutants, but persistent toxic compounds and long lived pathogens will always be troublesome.
Sources of water pollution and its consequences
The natural processes, like rock weathering and climate changes that can affect water quality , are the key sources of water pollution. The sources of water pollution are categorized into two types: point and non-point (diffuse) sources. Hossain et al. ( , 2016 , Singh et al. (2016) , Ismail 2015, Carpenter et al. (1998) and Duda (1993) portrayed that point sources are typically piped discharges from municipal wastewater treatment plants, industrial facilities, small packaged treatment plants, large urban and industrial storm water systems and residential 6 Page 2 of 11 straight piping. Non-point sources on the other hand include storm water runoff from timber harvesting, agricultural lands, rural residential development, failing septic systems and mining. Nutrient enrichment of surface water, as the result of runoff from agricultural land in particular, is the most challenging problem in environmental management.
Eutrophication
According to Maruthi et al. (2011a, b) and Laws (1993) , eutrophication is the result of nutrient enrichment in surface waters like rivers and lakes. Although it is a natural process, eutrophication can often be accelerated by anthropogenic activities and, thus, it is sometimes called cultural eutrophication. The anthropogenic acceleration of eutrophication is due to a direct discharge of organic wastes or nutrient rich wastewater into the aqueous ecosystem. Hossain et al. (2017) and Pescod (1992) stated that nutrient enrichment of rivers (particularly in slow flowing ones) has a number of deleterious effects. It encourages excessive algal blooms, which can result in large fluctuations of the dissolved oxygen concentration. They also mentioned that in some extreme cases, the rapid drop in oxygen concentration during the night due to algal respiration can kill fish. Maruthi et al. (2011a, b) , Olsson and Jenssen (1975) and Bro-Rasmussen (1996) reported that water contamination due to xenobiotic compounds was an inevitable environmental problem of aquatic bodies. As the word 'contamination' discloses, the concentrations of xenobiotic organic compounds in the environment are relatively very low (in the order of μg L −1 ) compared to the conventional organic or nutrient concentration (usually in the order of mg L −1 ). Despite this low concentration, they can be toxic to the aquatic life via bioaccumulation/biomagnification in the food chain when the concentration reaches toxic level in the target site. Bureau et al. (2004) stated biomagnification property of organic contaminants, particularly for persistent halo-organic substances, e.g., methyl mercury, DDT and PCB are dangerous to consumer of higher tropic levels in the food chain, including human being. Grimmer et al. (1981) and Kime (2001) confirmed carcinogenic and estrogenic effects of polycyclic aromatic hydrocarbons on humans including risk to the environment. Berg and Fiksdal (1988) , Ivnitski et al. (1999) , Gleick (2002) and Leonard et al. (2003) investigated that water-borne diseases result from the ingestion of contaminated water by fecal material (mammalian origin). Water-borne diseases like Cholera, Dysentery, Typhoid and Shigellosis are major killers of millions of people annually worldwide. According to Pletschke et al. (2006) , in developing countries, the problem is further exacerbated by rapid population growth that does not match with the available water and wastewater treatment facilities. Furthermore, due to a focus on the acquired immuno-deficiency syndrome (AIDS) pandemic, public health budgets for developing countries are limited to such an extent that improvements in wastewater handling abilities with increasing demands are not always possible. The problem of water-borne diseases is cyclical ( Fig. 1 ; Table 1 ).
Contamination by xenobiotic substances

Water-borne diseases
River water quality vs pollution
In accordance with the report of Maruthi et al. (2011a, b) and CEC (1999), rivers and streams are an important component of the natural environment. They have many values such as esthetic (recreation), economic (fishing, electricity generation, transport and irrigation) and ecological (biodiversity), water for consumption (water supply for domestic and industrial uses), and conveying wastewater discharges (treated or untreated). To maintain these values and their sustainable use, a prescribed water quality standard must be met. Al-Kharabsheh and Taany (2003), Ambrose et al. (1988) and Maruthi et al. (2011a, b) predicted that without appropriate water quality management or regulations both the surface and ground water quality continue to deteriorate. Two water quality problems are well known in surface waters (rivers and lakes), one is eutrophication (growth of algal bloom due to nutrient enrichment) and another is contamination by hazardous substances. These two problems are responsible for deterioration of aquatic ecosystems. The contamination by hazardous substance can in particular pose risk to human health via the food chain (Stuijfzand et al. 2000) . 1988 (no. 53 of 1988) . According to the Central Pollution Control Board tenth plan document, Indian planning commission was reported that sewage is responsible for 80% of the total water pollution in the country. Indian cities and towns are accountable for their wastewater discharge for domestic pollution in urban environment. For that reason, citizens are supposed to collect and treat all their wastewater and also supposed to pay a water cess proportional to their water consumption to the local State Pollution Control Board (SPCB). In practice, however, these rules are not applied. As it is described by the CPCB (2002) statistics presented hereunder, even the class I cities (the largest Indian cities), treat a small part of their effluents, while the smaller towns practically do not have any treatment facilities. The SPCB does not have enough authority to impose some pressure on the municipalities to implement treatment facilities as regulation. In such situation, the incentive for the municipal bodies to enhance the collection and treatment of Mara and Cairncross (1989); Pescod (1992) , Pereira et al. (2002) wastewater comes from the local demand for better quality (Maria 2003) .
Clean Water Act requirements for wastewater treatment
Conventional wastewater treatment
Goel (2008) and Anubha and Kaushik (2017) have described that wastewater treatment generally involves three stages, called primary, secondary and tertiary treatment. Primary treatment consists of temporarily holding the sewage in a quiescent basin where heavy solids can settle to the bottom while oil, grease and lighter solids float on the surface. The settled and floating materials are removed and the remaining liquid may be discharged or subjected to secondary treatment. Secondary treatment removes dissolved and suspended biological matter. Secondary treatment is typically performed by indigenous, water-borne micro-organisms in a managed habitat. Secondary treatment may require a separation process to remove the micro-organisms from the treated water prior to discharge or tertiary treatment. Tertiary treatment is necessary for anything more than primary and secondary treatment in order to allow rejection into a highly sensitive or fragile ecosystem (estuaries, low-flow rivers, coral reefs,). Treated water is sometimes disinfected chemically or physically (for example, by lagoons and microfiltration) prior to discharge into a stream, river, bay, lagoon or wetland, or it can be used for the irrigation of a golf course, green way or park. Disinfection is the process that can only kill the prevailing germs but does not provide any protection against future possible contamination (Birdie and Birdie 2006) . Disinfection can be done by various processes like boiling: the water can be disinfected by boiling for 15-20 min and this process make water free of pathogenic microflora and also safe for its use. It is economical and can be used during emergency where the epidemics break out in the town. With iodine and bromine, addition of iodine and bromine to the water kills all the pathogenic bacteria. The quantity of iodine and bromine should not exceed the standard limits and they can kill bacteria within 5 min of contact period. With silver or Electro-Katadyn process: this is an expensive method of disinfection, so generally it is not used at water works. In this method, the metallic silver ions are introduced into the water by passing it through solid silver electrode tubes and passing the current through 1.5 V D.C. battery. It is potential disinfectant and it kills entire bacteria as well as germicide.
Ultraviolet radiation is an effective disinfection method for water. The invisible light rays beyond the violet of spectrum which are capable of killing all types of bacteria, cysts and spores. The rays are generated by passing electric current through mercury-vapor lamp enclosed in quartz bulb. The effective penetration of the rays in water is only for a depth of 30 cm or so. Excess lime also involves the applications of sufficient lime for the combined objectives of softening and disinfecting of water. Coliform reduction may be as high as 99%. Dose to be given is between 10 and 20 mg L −1 . It is necessary to remove the excess lime after the process through re-carbonation.
In case of ozonization, the effectiveness of ozone as water disinfecting agent lies in its high oxidizing power. It is, however, costly to manufacture and has very little residuals present. Ozonization is not suitable for more turbid water.
Disinfection by chlorination is worldwide accepted. The dose of chlorine applied to water is generally less than 1 mg L −1 to minimize the concentration of residual chlorine. The amount of chlorine required to be added depends on the chlorine demand of water. Chlorination is a potential method of water disinfection and as such this method is universally employed for disinfecting public water supplies (Duggal 2011) . Maruthi et al. (2011a, b, c) discussed that application of isotopes and radiations is now recognized to be environmental friendly in comparison with chemical initiated or assisted process. There are few areas which are important for future development of radiation processing applications: pollutants removal from gaseous and liquid waste, new products and new processes. Radiation is to be more environmental friendly under transfer of radiation processing application to developing countries. Safe handling of radiation facilities and physical protection of radioactive materials are prerequisites for the application of radiation technology. Electron accelerator design and production have well developed in terms of reliability, larger capacity, wider energy range and cost reduction, which enhance the applications. Borrely et al. (1998) have described that radiation processing refers to the use of radiation to change the properties of materials on an industrial scale and when radiation passes through materials it breaks chemical bonds. Thus, while heat and chemicals have been used for many centuries to modify materials, the new modality is different because the total energy required to affect a given chemical change is often much smaller. Sampa et al. (1995) described that radiation can pass into the item treated and effect changes throughout, not just from the outer surface. The use of radiation is well developed in several industrial sectors, i.e., biological (including medical device sterilization and bio-control for quarantine and food processing), and polymer chemical applications including cross-linking to improve or provide unique properties, the curing of composites and the degradation and destruction of polymers (Table 2) . In other areas such as remediation of bio-environmental hazards (sewage sludge treatment), and the destruction of hazardous chemicals radiation as an industrial process is less well developed. Bradley (1984) was stated that radiation represents a wide range of energy forms in electromagnetic spectrum, which is described below. The spectrum has two major divisions: non-ionizing radiation and ionizing radiations.
Radiation technology for sustainable development
Radiation
Non-ionizing radiation and ionizing radiation
Radiation that has enough energy to move atoms or cause them to vibrate in a molecule, but not enough to remove electrons from the molecule, is referred to as "non-ionizing radiation". Examples of this kind of radiation are sound waves, visible light, and microwaves.
Radiation that falls within the ionizing radiation range has enough energy to remove tightly bound electrons from atoms, thus creating ions. This is the type of radiation that people usually known as radiation. Scientists take advantage of its properties to generate electric power, to kill cancer cells, and in many manufacturing processes.
Non-ionizing radiation
The advantage of the properties of non-ionizing radiation for common tasks such as microwave radiation is that it can be used for telecommunications and heating of food, "infrared radiation" that can be used in the infrared lamps to keep food warm in restaurants and radio waves which are generally using for broadcasting.
Non-ionizing radiation is a type of extremely low-frequency radiation, shown on the far left through the audible, microwave, and visible portions of the spectrum into the ultraviolet range. Extremely low-frequency radiation has very long wave lengths (on the order of a million meters or more) and frequencies in the range of 100 Hz or cycles per second or less. Radio frequencies have wave lengths of between 1 and 100 m and frequencies in the range of 1-100 million Hz. Microwaves that we use to heat food have wavelengths that are about 1 hundredth of a meter long and have frequencies of about 2.5 billion Hz (Maruthi et al. 2011a, b, c) .
Ionizing radiation
Higher frequency ultraviolet radiation has enough energy to break the chemical bonds. X-ray and gamma ray radiation, which are at the upper end of magnetic radiation, have very high frequency in the range of 100 billion of billion Hz and very short wavelengths one millionth million of a meter. Radiation in this range has extremely high energy to strip off electrons or, in the case of very high-energy radiation, break up the nucleus of atoms. Bradley (1984) also noted that ionization is the process in which charged portion of a molecule (usually an electron) is given enough energy to break away from the atom. This process results in the formation of two charged particles or ions, first one is the molecule with a net positive charge and second one is the free electron with a negative charge. Bakish (1962) reported that each ionization process releases approximately 33 electron volts (eV) of energy. Material surrounding the atom absorbs that energy. Compared to other types of radiation that may be absorbed, the ionizing radiation deposits large amount of energy into a small area. The 33 eV from one ionization is more than enough energy to disrupt the chemical bond between two carbon atoms. Directly or indirectly, entire ionizing radiation is capable of removing electrons from most of the molecules. There are three kinds of ionizing radiation: first one is alpha particles, which include two protons and two neutrons, second one is Beta particles, which are essentially electrons and third is Gamma rays and X-rays, which are the true form of energy (photons).
Wastewater treatment by radiation technology globally
In India Sabharwal et al. (2005) from Bhabha Atomic Research Centre (BARC) in association with Krishi Vigyana Kendram, New Delhi carried out on technical and economic aspects of radiation hygienization of Municipal Sewage sludge using Gamma irradiator (SHIR) at Baroda. They reported that about 3 kGy of absorbed dose in sewage sludge removes 99.99% of pathogenic bacteria. They also observed that SHRI produces high value manure on large scale and its operation is smooth in handling of plant. But handling and disposal of isotopes used Gamma radiation should be carried out carefully or some more difficulty. Maruthi et al. (2011a, b, c) was conducted to evaluate the disinfection potential of electron beam radiation (EBR) on sewage water. Results obtained at dose rate of 3 kGy per ≈ 50 µs were shown to be more efficient for the disinfection of sewage water. At high dose rate of 6 kGy per ≈ 50 µs, the removal percentage of organic load in sewage increased up to 60% of its initial load and also showed a substantial improvement in waste water quality with an efficient decrease in organic load that leads to a better remediation process.
In Abroad
Brazil Duarte et al. (2002) reported that electron beam irradiation technology considered as an advanced oxidation process which induces the decomposition of pollutants in industrial effluent. They were conducted their experimental studies using with electron beam accelerator (1.5 MeV energy and 37 kW power) based on dynamics. The effluent samples from an industrial complex were irradiated with electron beam (EB) at effluent irradiation pilot plant. The experiment was conducted using one sample from each of eight separate industrial units and five samples of a mixture of these units. The electron beam irradiation proved to be efficient for oxidation of chloroform, dichloroethane, methyl isobutyl ketone, toluene, xylene and phenol. They also predicted that 20 kGy was an optimum dose to reduce 90% of organic compound present in the industrial effluent.
Austria Gehringer and Eschweiler (1996) carried out a study on the effect of direct introduction of gaseous ozone into the irradiation chamber on pollutant decomposition, and the impact of the pH value on OH free radical production. Special attention was paid to the assessment of the combined ozone/electron beam (EB) process in comparison to other advance oxidation process (AOPs).
Portugal Melo et al. (2008) carried out a preliminary study about using Gamma radiation on slaughterhouse wastewater. After irradiation at dose rate of 0.9 kGy h −1 , decrease in COD, BOD and color of water was observed. They extended their studies by correlating microbial load with organic load in waste water. The obtained results were highlighted the potential of this technology for wastewater treatment.
Japan Yamazaki et al. (1983) carried out experimental studies at batch scale activated sludge treatment after the modification of its biodegradability by gamma irradiation. The BOD increased to 64 mg L −1 by irradiation of 15 kGy (1.5 Mrad), while the COD and TOC decreased to 231 and 230 mg L −1 , respectively. Then, irradiated sample was treated with an activated sludge, the BOD decreased rapidly in 2-3 h to about 15 mg L −1 which was a same as the unirradiated sample was treated. The elimination efficiency of TOC by the sludge treatment was approximately equal to that obtained by irradiation of 15 kGy. The use of ionizing radiation was new method to eliminate pathogens in sewage sludge. Lessel and Suess (1984) were in association with Takasaki Radiation chemistry research reported that a dose of 0.4 kGy was required to disinfect raw waste water which is a mixture of both primary and secondary sewage effluents. Basfar and Rehim (2002) established the feasibility of the electron beam treatment process for treating wastewater intended for reuse through their experiment. The study also determined the effectiveness of gamma irradiation in the disinfection of wastewater and the improvement of the water quality by determining the changes in organic matter as indicated by the measurement of biochemical oxygen demand (BOD), chemical oxygen demand (COD) and total organic carbon (TOC). Samples of effluent, before and after chlorination, and sludge were obtained from a Riyadh Wastewater Treatment Plant. The studies were conducted using a laboratory scale Co-60 gamma source. They observed that improvement in quality of the irradiated samples was demonstrated by the reduction in bacteria, and the reduction in the BOD, COD and TOC. Radiation of the wastewater provided adequate disinfection while at the same time increasing the water quality. This treatment led to additional opportunities for the reuse of this valuable resource.
Saudi Arabia
France Basly et al. (1996) described the ionizing radiation technology for sterilization of pharmaceuticals. They also studied the stability of metronidazole after irradiation. Trapped radicals, detectable by electron spin resonance (ESR), appear relatively stable and could be quantified. The formation of radiolytic products was evidenced by high-performance liquid chromatography (HPLC).
China Guo et al. (2009) reported that gamma radiation induces removal of four halomethanes in drinking water. The results showed that absorbed dose and solution pH were important factors to remove halomethanes. The reactions of halomethanes with e − aq play a crucial role in their removal processes. Halomethanes removal during the radiation followed a pseudo-first-order kinetics model.
Brazil
In Brazil, Sampa et al. (1995) started a research program using high-energy electrons from accelerators for treating drinking water and wastewater in 1991. An electron beam accelerator, 1.5 MeV-25 mA from Radiation Dynamics Inc., was used for all experiments. A pilot plant was set up to treat up to 3 m 3 h −1
. The study has shown the potential use of radiation technique for disinfection of domestic wastewater, chemical degradation of dyes, phenols, oils and greases in industrial wastewater and reduction of trihalomethanes (THM's) concentration in drinking water. Borrely et al. (1998) investigated that radiation processing of municipal sewage and sludge has been considered not only for disinfection but also for solids and organic matter removal in irradiated sewage. The selected doses of radiation were applied to sewage and sewage sludge is in the range of 3.0-4.0 kGy to sewage and 4.0-6.0 kGy to sewage sludge. They were observed that irradiated systems were demonstrated by the elimination of indicator bacteria and by the reduction on the total bacteria count, on the chemical and biochemical oxygen demand from raw sewage and biologically treated effluents. Rela et al. (2000) studied that the electron beam irradiation processing is a promising technology to treat sludge, groundwater, surface water, municipal and industrial wastewater. In that direction, the hydraulic system where the water test was exposed to the electron beam governs the efficacy of this technology. A series of experiments were performed to establish the relationships between accelerating voltage ranging from 0.5 to 1.5 MeV, current, water flow and deposited dose to optimize the operating parameters and the selection of a cost-effective commercial electron beam. Borrely et al. (2004) examined that several studies concerning electron beam accelerator and gamma radiation have been developed for treating hazardous contaminants from different matrices. The work showed the total acute toxicity reduction for several hard toxic effluents treated by EBR at bench scale. Duart et al. (2004) observed that the high efficiency of electron beam irradiation on removing organic compound in industrial effluent has been shown and the primary aim of this study was to evaluate the efficiency of this new technology to treat the oil spills.
Wastewater treatment by electron beam radiation technology
According to Woods and Pikaev (1994) , Bradley (1984) and Bakish (1962) , in the last few decades electron beam technology for pollution mitigation has substantiality gaining importance all over the world. This development is a result of the new possibilities in the face of environmental constraints and generally highly productive processes that are amenable to automation. Low, medium and high voltage electron beam facilities have been widely used in thermal techniques, such as evaporation, welding, melting and electron beam machining. The electron beam has also been used in radiation techniques, for instance cross-linking of polymers, vulcanization of natural and synthetic rubber, paint curing, polymerization and depolymerisation, sterilization of food, medical products, and municipal sewage. Nickelsen et al. (1994 ), Farooq et al. (1994 , Woods and Pikaev (1994) , Cooper et al. (1992) and Kurucz et al. (1992) were reported that the electron beam radiation has ample suitable for advanced oxidation technologies for both water purification and flue gases in environmental pollution mitigation. The dominating applications in the electron beam radiation field are cross-linking of cable insulation, electronic treatment of plastic tubes, and sterilization of medical products and food (Woods and Pikaev (1994) and Bradley 1984) . The electron beam treatment of sewage sludge, water and flue gases has still been in a developmental stage (Woods and Pikaev 6 Page 8 of 11 Bradley 1984) . In all the above-mentioned cases, processing at a high rate, low processing temperature and the low specific energy expenditure can be seen as benefits of electron beam radiation. Since the reaction process in electron beam radiation technology requires no catalysts, activators, other additives and relatively pure final product may be obtained. The advantages of electron beam application in radiation processing are, ability to direct radiation to the point of action, free choice of electron energy with power, facility for matching processing requirements, implementation of high dose rates, controlling and disconnecting of radiation source at any time and the finally availability of high beam powers (1 kW of beam power corresponds to the activity of 70 kCi (kilocurie) for common source of gamma radiation Cobalt-60). Woods and Pikaev (1994) established a pilot facility to treat sewage sludge and sewage water with EB and gamma radiation. North America established the largest electron beam facility for waste water treatment. Similarly, Virginia, Miami, Florida have been utilized electron beam research facility (EBRF) for wastewater treatment . The prime areas of research in the purification of water and wastewater by EBR have been so far electron beam treatment of natural and polluted drinking water, radiation purification of industrial liquid wastes and radiation treatment of sewage sludge (Woods and Pikaev 1994) . Chemical decomposition of halogenated hydrocarbons in Electron Beam Radiation (EBR) process paid attention towards water treatment. The products of decomposition of aromatic and aliphatic hydrocarbons have been used during Electron Beam (EB) treatment of industrial wastes. To inactivate micro-organisms and to accelerate sedimentation and filtration, dewatering has been the key advantages of electron beam treatment of sewage sludge (Bradley 1984 ) . In the above-cited cases, EBR can be used in combination with other techniques, such as ozonation and biosoption. In drinking and wastewater treatment, the energy of the electrons used for irradiation is within the range of 1.0-2.0 MeV Woods and Pikaev 1994; Pescod 1992) . The suitable adjustment of water layer thickness and flow velocity can provide a basis to determine a radiation dose experimentally that is high enough for decomposition of the chemicals. The penetration depth or electron range (R e ) of electrons into an irradiated matter depends mainly on kinetic energy (accelerating voltage V A ) of electrons and on mass density of an irradiated material. The dependence of the penetration depth on the accelerating voltage is non-linear due to secondary processes, such as backscattering and emission of secondary electrons, and can be approximated using the following equations (Sciiler et al. 1982) :
where V A is in (V) and d is in (cm 3 ). As have the utilized accelerating voltages in pilot plants can allow electrons to penetrate the water (mass density of 1 g m −3 ) within the range of 0.3-1 cm (Woods and Pikaev 1994; Bradley 1984) ( Table 3 ).
The review showed that the electron beam technology has high efficiency in destroying organic compounds even in the presence of high salinity and complex effluent.
Economic feasibility of electron beam over conventional sewage water treatment methods
The design of waste water treatment plant is usually based on the need to reduce organic loads to limit pollution of the environment. Pathogen removal has rarely been considered and observed but for reuse of effluents in agriculture, this must be of primary concern. Reuse of conventional treated sewage water for irrigation purpose is economically feasible but on health ground it is not safe (Pereira et al. 2002) . Even though implementation of electron beam technology for sewage water treatment needs initially more capital investment but EB-treated sewage water can be effectively used for ∕d(cm) for 10 keV < eV A < 100 keV,
R e ≈ 2.1 × 10 −11 V 2 A ∕d(cm) for 100 keV < eV A < 1 MeV,
R e ≈ (5.1 × 10 −7 V A −0.26)∕d(cm) for eV < eV A > 100 keV, irrigation as well as in industries (Cooing, washing, etc.) as it is free of objectionable pathogens (Table 4) . Based on the literature survey, very few studies have extended towards application of electron beam accelerator for pollution mitigation in terms of protecting public health and the environment.
Conclusions
The review has observed that electron beam radiation has the disinfection potential of wastewater and the organic matter in wastewater can also be degraded via transforming from complex to simpler molecular forms that are easily metabolized by native soil microflora during irrigation. Therefore, this review emphasizes the feasibility of EBR for wastewater remediation. Furthermore, it defends that the ionizing radiation can be applied in two ways for treatment of wastewater: remediation at lower dose rate as well as substitution of chlorination at tertiary treatment process and reduction of sewage water's organic load at higher dose rate. Based on this review, it can be concluded that pollution mitigation using ionizing radiation (electron beam accelerators) is an eco-friendly alternative technology, without using chemical disinfectants ensuring robust life to mankind. Irradiated wastewater is fit for irrigation as well as use in industries which will be a promising solution to existing water demand and also a gateway to sustainable management of fragile fresh water resources for developing countries. 
